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^ (57) Abstract; The extended optical source coiqnises an elongate bar (1) witb one lateral surface (IB) and two end surfaces (1 A) 

Osmdaleaaoneopttadcmitter(5) placed in front of at least one of said end surfaces (lA). in such a way as to emit an optical beam 
toward said end surface. The bar is made from a material optically tnuispaient at tbe emission waveleagtb of ttae optical emitter <S) 
^ At least one diffusing strip (11) is provided along the longitudinal development of said bar. on tbe lateral surface (IB) ttaeieof to 
1^ the extraction <rf the light fiom the bar. >«« 
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CONTINUOUS EXTENDED OPTICAL SOURCES AND RECEIVERS AND 
OPTICAL BARRIERS USING SAID SOURCES AND SAID RECEIVERS 

nFSnRlPTION 

Tanhnical field 

5 The present Invention relates to a method of making extended sources 

of electromagnetic radiation, particularly in the visible and Infrared range, and 
corresponding optical receivers, particularly for making optical anti-Intrusion 
barriers for the monitoring of controlled areas and the like. 
EdQLiUl 

1 0 Italian patent No. 1 ,291 ,835 describes a two-dlmenstonal optk^at bamer 

of the light guide type which Is particulEwly useful for the monitoring of small 
controlled areas, for example the area of access to the woricing space of a 
machine tool, for the purpose of stopping or disabling the operation of the 
machine tool when a foreign body, for example part of the operator's body, is 

1 5 found within the worthing space. This optical banier uses a tubular lamp as the 
light source. However, although this has more advantages than bamers made 
with single pairs of source emitters and receivers of the single point type, it 
has certain limitations in ternis of the size and shape of the light source and 
consequently of the banier and therefore also of the controllable area. 

20 Furthermore, the wavelength which can be used is determined by the 

nature of the available lamps which have a tubular shape suitable for the 
specific application. 
Qhjft^s of the invention 

A first object of the present invention is the provision of a continuous 

25 extended opttoal source whteh makes it possible to generate in an efficient 
way an optical beam having an extended geometiy, for example in order to 
make control and anti-intmsion bamers having a long linear development and 
a shape which is not necessarily rectilinear, or in order to make lighting 
devices which provkJe special optical effects. 

30 A second object of the present inventbn is the provision of an optical 

receiver capable of fecelving an optical beam having an extended geometiy. 
for example in order to make, in combination with a similar optical source, an 
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anti-intrusion barrier having a long linear development and any shape. 

A further object of the present invention is the provision of a^oontinuous 
two-dimensional optical barrier of the light guide type which has an optical 
source and an optical receiver which are essentially linear, which can extend 
5 over considerable lengths and which can have a configuration which is not 
necessarily rectilinear, in particular, one object of the present invention is the 
provision of barriers of this type which can be used not only as anti-intiusion 
t}arriers. but also as systems for measuring the shapes and/or sees of 
objects. 

10 The object of the invention is also the provision of optical souices and 

optical receivers which can, if necessary, emit and receive beams having 
geometries extended in a plurality of directions, for malting a controlled 
perimeter with a limited number of sources and receivers. 

A further object of the present invention is the provision of an optical 

1 5 barrier which can make use of infrared rather than visible radiation. 
Summary of the invention 

These and further objects and advantages, which will be evident from 
the following text to those skilled in the art, are essentially achieved with an 
extended optical source comprising: an elongate t>ar with one lateral surface 

20 and two end surfaces; at least one optical emitter, an-anged in front of at least 
one of said end surfaces in such a way that it emits an opttoal beam towards 
the end surface; and at leetst one diffusing strip atong the tongitudinal 
development of the bar on the lateral surface thereof. The bar is made from 
material which is optically transparent to the emission wavelength of the 

25 optical emitter. This can be a light-emitting diode (LED), whrch emits at a 
visible wavelength or at a non-visible wavelength, for example in the near 
infrared. With an LED or a series of LEDs arranged on one or tioth end 
surteces of the bar, it is possible to obtain light beams having any extension, 
conesponding to the development of the diffusing strip formed atong the 

30 lateral surface of the bar. 

A light source formed in this way can be used for making an anti- 
intojsion bamer, for example by using as the receiver an optical receiver of 
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the type described in IT-B-1 ,291 ,835. However, in order to gain tine maximum 
advantage from the concept on whicli the invention is based, it is also useful 
to make the optical receiver according to the same principles on which the 
optical source is made. Finally, as will be cleariy apparent from the following 

5 description, the same principle can be used for receiving or emitting a beam 
having an extended geometry. 

According to another aspect of the invention, therefore, an extended 
optical receiver is provided, comprising an elongate bar with a lateral surface 
and two end surfaces; at least one optical sensor arranged in front of at least 

1 0 one of the end surfaces, in such a way as to receive an optical beam guided 
along said bar toward said end surtece; and at least one diffusing strip along 
the longitudinal development of the bar, on the lateral surface thereof. In this 
case also, the bar is made from a material which is optical transparent to the 
reception wavelength of the optical sensor, which will conespond to the 

1 5 emission wavelength of the source. 

When the source and the receiver are designed to interact to fomn an 
optical barrier, the two bars forming the receiver and the source have 
essentially the same developmertt. 

The bars can generally be of any shape, not necessarily rectilinear. 

20 Typically, their cross section will be constant to provide the same optical 
behavior along the whole of the longitudinal development. In a possible 
embodiment, they are cylindrical, and are possibly, but not necessarily, of 
circular section. However, it is also possible to make bars which are curved, 
wavy or of other shape, according to the type of volume which is to be 

25 controlled. 

In a possible embodiment, the diffusing strip on the lateral surface of 
the bar of the source and/or of the receiver may consist of a ground area of 
the lateral surface. In a prefen-ed embodiment, however, the diffusing strip 
consists of a strip of diffusing and reflective material which is opaque to the 
30 radiatton of the optk:al emitter, applied to the exterior of the lateral surface of 
the bar of the souice and/or of the receiver. The strip can consist, for 
example, of an opaque white paint. 
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The optical source made according to the invention can make 4ise of an 
emitter or a set of emitters applied to only one of the ands of the bar, while a 
reflective surface is applied to the other end. Conversely, it is possible to 
place emitters at both ends of the bar. In a reciprocal way, it is possible to 
5 provide one or more optical sensors at one of the ends of the bar in the 
receiver, while the other end is provided with a reflective surface. However, it 
is preferable to place the sensors at both ends of the bar, since this enables a 
stronger signal to be obtained in case of intrusion. 

The intrusion of a foreign body through the barrier formed by the opticai 
1 0 source and receiver is detected, as in the prior art, by a reduction of the-signal 
detected by the optical sensor. Further details on the method of detecting the 
passage of a foreign body through the optical barrier can be found in the 
aforessud Italian patent 

In order to generate two or more optical beams having extended 
15 geometry, and in order to receive two or more optical beams, it is possible to 
arrange for the bar of the optical source and/or the bar of the optical receiver 
to be provided with two or more diffusing strips placed at angles spaced apart 
from each other. 

Further advantageous characteristics of the optical source, of the 
20 optical receiver and of the optical barrier which can be made from them are 
indicated in the attached dependent claims and are illustrated below with 
reference to examples of embodiment of the invention. 
Brief description of the drawings 

The invention will be more cleariy understood from the description and 
25 the attached drawing, which shows a practical and non-restrictive embodiment 
of the invention. More particulariy, in the drawing, 

Rg. 1 shows a schematic longitudinal section of a bar of transparent 
material forming a light guide, with the indication of the optical paths of the 
beams emitted by the optical emitter; 
30 Fig. 2 shows a schematic representation of the paths of the beams in 

an area of the surface which is made diffusing of the light guide of "Fig. 1 ; 
Fig. 3 shows a schematic enlargement of the diffusing area; 
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Fig. 4 shows a schematic perspective view of the paths of the beams in 
a light guide provided with a diffusing area along a longitudinal strip of its 
surface; 

Fig. 4A shows a cross section of the bar of Fig. 4; 
5 Fig. 5 shows a schematic cross section of a light guide provided with a 

diffusing and reflective opaque longitudinal lateral strip; 

Fig. 6 shows a longitudinal section of a particular embodiment of the 
source ban 

Fig. 7 shows a cross section of a light guide comprising two diffusing 
1 0 and reflecting longitudinal lateral strips ao'anged at 90'' to each other; 

Fig. 8 shows a diagram of the arrangement of four light guides, with 
two acting as optical sources and two as optical receivers; and 

Fig. 9 shows a schematic front view of a barrier produced with two light 
guides made according to the invention, provided with optical emitters and 
1 5 optical receivers at both ends. 

Pgtailgd description of an embodiment of the invention 

With reference to Figs. 1 to 4A. the principle of operation on which the 
present invention is based will be illustrated in the first place. Rg. 1 shows a 
longitudinal section, in a plane containing the axis, of a bar of material which 
20 is optically transparent to the wavelength of the optical emitter, which is used 
to generate the optical beam having an extended geometry. 

In general, emitters in the visible or infrared range are preferably used 
for this application; however, the following considerations and the principle on 
which the invention is based also remain valid for other wavelengths of the 
25 electromagnetic radiation which is used. Therefore the term lighf or light 
radiation" are to be understood in the generic sense and cover any 
wavelength of the electromagnetic radiation which can be guided in guide 
bars used as optical sources or as optical receivers. 

In the illustrated example, the bar 1 has a circular section and a 
30 rectilinear development, although this is not a constraint, since it is sufficient 
for the bar to have an elongate development, a cross section which is not 
necessarily circular and, if required, a curvilinear axis. 
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1 A indicates one of the two ends of the bar 1 . An opticat emitter S, for 
example a light-emitting diode with a wide emission angle, faces the end 1 A. If 
R is the perpendicular to the flat surface 1A of the end of the bar 1, then <pi 
and cpr indicate the angles of incidence and refraction for the outermost ray of 
5 the beam emitted by the emitter 5. If na and np are the refractive indices, 
respectively, of the air and of the material (for example Plexiglas®) from which 
the bar 1 is made, and if na 1 and np > 1 , the angle qpr is smaller than the 
angle <pi. 

Each ray emitted by the emitter 5 which penetrates by refraction 

10 through the surface 1 A into the bar 1 strikes the lateral surface IB of the bar 

with an angle of incidence, with respect to the perpendicular straight line R1 , 

indicated by 61. Depending on the value of the angle of incidenGe and the 

refractive Indices of the material from which the bar is made and of the air, the 

incident ray may theoretically be refracted outward or reflected Inward with an 

15 angle er with respect to the perpendicular to the lateral surface IB. The 

application of Snell's law indicates that all the rays emitted by the emitter 5 

penetrate into the bar 1 through the end surface 1A and are all reflected by 

the lateral surface 1 B toward the interior of the bar, so that they reach the end 

surface opposite the surface 1 A. 

20 This is because, by applying Snell's law, we find: 

sin q)t n, 
sin q), Hp 

where na = 1 and np are the refractive indices of the air and of the material of 
the bar, as specified above. The limit value eiL of the angle el for which inward 
reflection takes place is found by letting 6r = 90°, and therefore 

0a. ^ arcsiii— 

25 

For the rays striking the end surface 1A, Snell's law is written thus: 
sin^; Up 

Given that 
-90*-^j 
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and therefore 



9^ - 90»-<%. 



we find 




we find 



and therefore 



sin^Ja. =— ^Hp^-l >1 



10 



Consequently, all the rays striking the lateral entry wall 1A are propagated 
sdong the longitudinal development of the bar 1 by reflection from the lateral 
surface 1B. since they strike this surface at angles which are always greater 
than the limit value and therefore can never emerge from the bar. 



extraction of the rays from this area is achieved. This can be done, for 
example, by grinding the outer lateral surface 1 B of the bar 1 . This causes the 
formation of micro-roughnesses on tiie surfeuse which separates the material 
of the bar 1 from the air. Depending on the (random) orientation of the surface 

20 of the roughnesses and the angle of incidence of the individual ray on this 
surface, the ray may be reflected toward the interior of the bar 1 . diffused 
toward the interior of the bar 1 , or refracted toward the exterior. Rg. 2 shows 
schematically the behavior of the rays striking a portion S of the later surface 
1 B of the bar 1 : some are reflected or diffused toward the interior of the bar. at 

25 angles which vary according to the orientation of the ground surfece, and 
others emei^e from the bar. Fig. 3 shows schematically at a high level of 
magnifk^ation the effect produced by the grinding on the surface IB. whtoh 
clarifies this behavior of the material: a scratch 9 made on the surface 1B 
modifies, in practk^e. the orientation of the interface surface between the 



15 



Conversely, if a portion of the lateral surface 1 B is made to be diffusing. 
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material forming the bar 1 and the surrounding air, so that the light ray L 
indicated by way of example In Fig. 3 becomes orthogonal to the surface of 
the scratch 9 and passes through the surface of the scratch without deviation. 
Since the orientation of the surfaces of the roughnesses made by grinding is 
5 entirely random and variable, the rays striking the ground surface may be 
diffused, reflected or refracted to the exterior. There will, therefore, be an 
emergence of light rays from the guide 1 in the area which is made to be 
diffusing. 

The invention is based on the idea of creating a beam having extended 
10 geometry, in practice a sheet of light, by making a narrow longitudinal strip of 
the bar 1 diffusing, as shown in Rgs. 4 and 4A. Here, the diffusir>g strip is 
indicated by 11. It has a width which is very small with respect to the 
development of the lateral surface 1 B of the bar 1 . For example, with a bar 1 
having a diameter of 2-2.5 cm, the longitudinal diffusing strip may have a 
15 width of 2-6 mm. 

in this way the following result is obtained: the light rays emitted -by the 
emitter 5 and penetrating into the bar 1 through the end surface 1A, two of 
which are indicated by L1 and L2 in Fig. 4, are divided into three categories: 

• those (for example the ray L2) which are emitted by the emitter 5 and ace 
20 reflected from the non-diffusing lateral surface 1B undergo total reftection 

(regardless of their angle of incidence, for the reason explained above), 
and reach the opposite end, again indtoated by 1A, of the bar 1 by 
successive reflections, with an attenuation dependent on the trsuisparency 
of the material; 

25 • those emitted by the emitter 5 which strike the diffusing strip 1 1 and which 
are re-emitted with an angle of reflection greater than the limit value (ray 
L3) and which therefore continue their travel within the bar 1 ; 

• those which strike the diffusing strip 1 1 and are permitted from this with an 
angle smaller than the limit value and which therefore, in some cases, 

30 undergo a refraction, emerging from the latered surface 1 B at tfie posrtton of 
the strip 1 1 (refracted ray L4), and, in other cases, are diffused at an angle 
such that they subsequently strike the non^liffusing surface 16 at an angle 
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smalier than the limit value and emerge from this surface <ray L5). 

Thus, of all the rays which penetrate into the bar 1 through the end 
surface 1 A, only a few emerge from the bar, predominantly along the diffusing 
strip 11, while most of them continue their travel up to the opposite end 1A. 
5 Along the diffusing strip there is generated a light beam which is substantially 
flat, or in any case has a shape corresponding to the development of the axis 
of the bar 1 which, as mentioned, can also be curved, the beam having a 
uniform intensity along the axial development of the bar 1 . This bar therefore 
forms a linear light source. The light emerging from the side opposite the 

10 diffusing strip 11 (beams L5) is essentially not used, or may form a second 
beam having extended geometry, parallel to the beam emerging from the 
diffusing portion 1 1 . 

The considerations stated above for the bar 1 used as a linear light 
source are reciprocsd, in that a second bar, similar to the bar 1 , with a diffusing 

15 strip orientated toward the diffusing strip of the bar 1 collects the light of the 
beam ger^rated by the diffusing strip 1 1 and guides the collected light by 
successive reflections toward the two ends of the bar according to identical 
optical laws. Thus the bar forms an optical receiver at whose ends it is 
possible to place two sensors, for example two photodiodes, which determine 

20 the intensity of the collected light signal. 

By placing two bars of this type opposite each other, one being 
provided at one end at least with at least one light emitter and the other being 
provided at one end at least with a light sensor, a light beam having extended 
geometry is generated and can form a control barrier for a controlled volume. 

25 The passage of an opaque object through this beam having extended 
geometry causes a reduction of the optical signal received by the sensor or 
sensors placed at the ends of the receiving bar and can be used, for example, 
the emission of an alarm signsd. 

In an improved embodiment of the invention, in order to prevent the 

30 dispersion of light on the side opposite the area from which the beam having 
extended geometry is to emeige, the ground strip 1 1 is replaced with a strip of 
opaque white paint or other application of opaque material having a diffusing 
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and reflective action. In this way the lateral extraction of the light rays takes 
place only on the side opposite the position of the diffusing and reflective strip. 
This situation is shown in Fig. 5, which illustrates a cross section of a bar 1 
which again is of circular section. The diffusing strip is again indicated by 11 . It 
5 diffuses the incident rays at angles such that they strike the portion opposite 
the lateral surface 1 B of the bar 1 at an angle smaller than the limit value, and 
emerge from the bar, as indk^ted at LB. 

In practice, a beam having extended geometry, which has a length 
equal to the axial length of the bar 1 and a thtokness equal to the diameter of 
10 the bar, is generated in this way. The partrcular circular section provides a 
further fundamental advantage in this case: the rays L6 emerging^ from the 
lateral surface IB of the bar 1 undergo a refraction in passing through the 
separating surface IB between the bar from the air. The r«fractfon causes 
focusing with a tendency to parallelism of the rays which are propagated in 
15 air. Thus a beam having extended geometry, which has an approximately 
constant thickness along the path between the source bar and the receiving 
bar. is obtained. By suitably shaping the profile of the directrix of the cylinder 
(or other surface, which may have a curved axis) forming the bar, it is possible 
to impart any shape to the beam emerging from the bar 1 , including a shape 
20 with a thickness smaller than the diameter of the bar 1 . 

In a reciprocal way. the refraction undergone by the rays entering the 
opposite bar, which acts as the receiving bar, produces an effect of 
concentration In the proximity of the diffusing strip. This strip In turn generates 
beams which are propagated toward the terminal sections by successive total 
25 reflections. Here they are collected by one or more optteal sensors applied to 
one or both end surfaces. 

If a single emitter 5 is applied to the souroe bar, or a group of emitters 5 
is applied to only one of the end surfaces 1 A,, and If a reflective surface is 
placed on the opposite end surface, the rays whteh reach the opposite end 
30 surface from the emitter will undergo reflection, which doubles the lateral 
extraction effect, and there will be some rays whfch are also reflected from the 
end face where the emitting source is placed, and for these there will be 
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another reflection, and so forth. 

This situation Is shown schematically in Fig. 6, where the number 13 
Indicates a reflective strip applied to the surface 1 A of the bar 1 opposite the 
surface 1A In front of which the emitter 5 is placed. In a reciprocal way, a 
5 similar configuration may also be provided In the receiving bar. with a light 
sensor associated with one of the end surfaces and a reflective strip at the 
opposite end surface. 

If the diffusing strip 1 1 is made in a number of portions spaced apart 
along the directrix of the curved surface fonning the lateral surface IB of the 
10 bar 1 , for example in two positions spaced apart by 90* as shown in the cross 
section in Fig. 7 and indicated there by 11 A and 1 1 B. for both the source bar 
and the receiving bar, it is possible to fonn a plurality of beams having 
extended geometries, emerging fi-om the source bar at two angles separated 
each other in a way corresponding to the angular separation of the two 
15 diffusing and reflective strips 11A, 11B. Using two pairs of bars of this type, 
where each pair has a source bar and a receiving bar, it is possible to define 
controlled volumes of rectangular section, as shown In Fig. 8: here, two bars 
1x and 1x' are used as light sources, each of which emits two beams with 
planar geometry Fp, which are received by two receiving bars 1y and 1y*. In 
20 this way it is possible to generate an alamn signal or at least to signal the 
passage of an object from the interior to the exterior of the controlled volume 
and vice versa. 

The described optical bar elements can also be used to fonn different 
configurations, owing to the fact that the bars do not necessarily have to have 
25 the shape of a cylinder (of any section), but can also consist of closed 
surfaces developed along a cun^Hlnear axis. For example, a cylindrical volume 
can be controlled by means of two transmitting and receiving bars, having an 
open toroidal development (such that at least the two end surfaces 1 A can be 
formed). 

30 Fig. 9 shows a different configuration. In which a banier having a 

vertical planar development is generated by means of an upper source bar 1x 
and a lower receiving bar 1y which are parallel to each other. Fp indicates the 
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planar beam generated by the upper 43ar and captured by the lower bar. This 
diagram also indicates two emitters or a set of emitters 5 associated with the 
two ends of the source bar 1x and two light sensors 17 associated with the 
ends of the lower receiving bar 1y, connected to an electronic control circuit 
5 19, which can be similar to that described previously in Italian patent No. 
1,291.835. 

With a configuration of this type, but having vertical bars, a linear 
barrier was formed with a source bar 1 m long and a receiving bar of the same 
length, located 6 m apart from each other. The transmitting bar was made with 

10 a Plexiglas® cylinder of circular section, having a diameter of •25 mm. Seven 
infrared emitters with a wide emission angle <SFH485P, made by Siemens of 
Germany) were placed at each of the two ends, and a square-wave -current 
wtth an amplitude of 1 80 mA and a frequency of 1 kHz was passed through 
them. The width of the diffusing and reflective strip 1 1 formed with opaque 

1 5 white synthetic paint was 5 mm. 

The receiving bar was made from a Plexiglas® cylinder having a 
diameter of 20 mm, with a diffusing strip 4 mm in width, fomr^ed by means of 
the same opaque white paint One sensor, consisting of a photodiode with 
integrated amplifier, type TSL260, made by Texas Instruments of the USA, 

20 was placed at each of the two ends. 

Using the barrier formed in this way, it was possible to reliably detect 
the intrusion through it of a round bar 8 mm in diameter at any point of the 
area enclosed by the two parallel bars, anywhere within the tilstance of 6 m 
between them. 

25 As the distance between the source and receivir>g bars is ir^creased, 

the sensitivity decreases. With the configuration descrit>ed above, but a 
distance of 12 m between the bars, it was possible to reliably detect the 
intrusion of a round bar 25 mm in diameter at any point of the area enclosed 
between the bars. 

30 By increasing or decreasing the power of the infrared emitters, it is 

possible to obtain a higher or lower sensitivity, and the minimum diameter of 
the detectable object is also varied. 
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The thickness of the beam, with the bars spaced at 6 m, is 

approximately 3.5 cm measured at the mid-point of the barrier. 

The alignment of the two bars and their parallelism are not critical 

parameters, and therefore Installation is particularly simple. Furthermore, the 
5 use of emitter and receiver components placed only at the ends of the bars 

makes the devrce more economical (smaller number of components) and 

easier to assemble and install than conventional systems. 

Particular reference was made in the above descriptton to the use of 

the optical sources and receivers according to the present invention for 
10 making anti-intrusion barriers. In real'ity. however, this is only one of the 

possible applications of the optical sources and/or receivers made according 

to the principle on which the invention is based. 

This is because, for example, the optrcal source can also be used 

independently of the optical receiver, in which case it can be used as a 
15 lighting element to meet specific lighting requirements, or even simply 

furnishing and design requirements. 

The optical banler using an optical source and an optical receiver 

according to the inverrtion <or if necessary, but less advantageously, a 

receiver of another type having a linear development, for example one made 
20 according to IT-B-1 ,291 ,8359). can be used not only as an anti-intmsion 

ttarrier. but also as a transducer device for the measurement of sizes and/or 

shapes of three-dimensional objects. 

This is because, as is dear from the preceding description, the optical 

signal collected by the sensor or sensors associated with the optical receiver 
25 is proportional to the shadow projected by the object which is introduced into 

the beam having extended geometry generated by the source and captured 

by the receiver. This shadow depends on the shape and size of the object. 

This property can be used for making measurements of size and shape. In the 

simplest case, an optical source and receiver posittoned with vertical axes can 
30 be used to measure the height of an opaque object which passes between 

them. The reduction oi the optical signal received by the receiver is directly 

proportional to the height of the object. Additionally, if the object moves 
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between the source and the receiver approximately orthogonally to the plane 
of the extended beam, if the speed of advance of the object is known and the 
time elapsing between the start and the end of the -signal of the intrusion of 
the object into the optical beam is measured » it is possible to determine the 
5 dimension in the direction orthogonal to the axial development of the source 
and the receiver. With a second source-receiver pair positioned with horteontal 
axes, it is possible to measure the third dimension of the object. If the latter is 
an object of parallelepipedai shape correctly oriented with respect to the 
direction of advance, a complete measurement of all its dimensions can be 

1 0 made in this way. 

With more complex arrangements, using a plurality of source-receiver 
pairs if required, provided with suitable movements relative to the object to be 
measured, it is possible to make more complex measurements, still based on 
the variation of the light signal captured by the receiver, on the basis of which 

15 the dimensions of the object in various directions and/or its shape -can be 
determined, when the measurements are made, for example, by "slicing" the 
object at different heights by means of the same extended beam whteh moves 
with respect to the object. A single optical barrier can be provided with a 
plurality of relative movements with respect to the object to be measured, for 

20 example a rotary movement about an axis orthogonal to the plane of the 
beam generated by the source and a traversing movement parallel to the axis 
of rotation. 

Thus the optical barrier according to the invention can be used in 
various industrial applications, for example to control the correct execution of 

25 production cycles, to provide enabling signals for particular operations as a 
function of a signal supplied by one or more optical barriers, to set parameters 
of a production cycle or of an operation as a function of the measurements 
made by the optical banier* to sort objects as a fur^ction of their dimensions 
monitored by means of- optical baniers, and so forth. 

30 It is to be understood that the drawing shows only practical 

embodiments of the invention, which oan be varied in its forms and 
arrangements, without departure from the scope of the principle on whtoh the 



wo 00/77447 PCT/ITOO/00241 

- 15 - 

invention is based. Any reference numbers in ttie attached claims have the 
purpose of facilitating the reading of the claims with reference to the preceding 
text and the attached drawings, and do not limit the scope of their protection. 
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1. An extended opticai source -comprising: an elongate bar (1) with 
one lateral surface (1B) and two end surfaces (1A); at least one optical emitter 
(5) placed in front of at least one of said end surfaces (1/^, in such a way as 

5 to emit an optical beam toward said end surface, said bar being made from a 
material optically transparent at the emission wavelength of said optical 
emitter (5); and at least one diffusing strip (11) along the longitudinal 
development of said bar, on the lateral surface (1 B) thereof. 

2. The optical source as claimed in claim 1 , in which said bar has a 
1 0 constant cross section. 

3. The optical source as claimed in claim 2, in which said bar is 
cylindrical. 

4. The optical source as claimed in claim 2 or 3, in which said bar 
has a circular cross section. 

15 5. The optical source as claimed in one or more of the preceding 

claims, in which said diffusing strip consists of a ground area of the lateral 
surface (1 B) of said bar. 

6. The optical source ets claimed in one or more of claims 1 to 4, in 
which said diffusing strip consists of a strip of diffusing ^d reflective nnaterial 

20 (11) which is opaque to the radiation of the optical emitter. 

7. The optical source as claimed in claim 6, in which said diffusing 
and reflective material is an opaque white paint. 

8. The optical source as claimed in one or more of the preceding 
claims, comprising at least one optical emitter (5) in front of each of said end 

25 surfaces (1A). 

9. The optical source as claimed in one or more of daims 1 to 7, in 
which said at least one optical emitter (5) is placed in front of one of said end 
surfaces and a reflective surface (13) is applied in front of the opposite end 
surface. 

30 10. The optical source as claimed in one or more of the preceding 

claims, comprising at least two diffusing strips (11) arranged so that they are 
angulariy spaced apart along the lateral surface (IB) of said bar. 
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11. An extended optical receiver, comprising an elongate bar (1) 
with one lateral sufface (I B) and two end surfaces (1A); at least one optical 
sensor (17) placed in front of at least one of said end surfaces (1A), in such a 
way as to receive an optical beam guided eUong said bar (1) toward said end 

5 surface, said bar being made from a material optically transparent at the 
reception wavelength of said optical sensor (17); and at least one diffusing 
strip (11) along the longitudinal development of said bar, on the lateral surface 
(IB) thereof. 

12. The optical receiver as claimed in claim 11. in which said bar 
1 0 has a constant cross section. 

13. The optical receiver as claimed in claim 12, in which said t^ar is 
cylindrical. 

14. The optical receiver as claimed in claim 12 or 13, in which said 
bar has a circular cross section. 

15 15. The optical receiver as claimed in one or more of claims 11 to 

14, in which said diffusing strip consists of a ground area of the lateral surface 
(1 B) of said bar. 

16. The optical receiver as claimed in one or more of claims 11 to 
14. in which said diffusing strip consists of a strip of diffusing and reflective 

20 material (1 1) which is opaque to the radiation detected by the optical sensor. 

17. The optical receiver as claimed in claim 16, in which said 
diffusing and reflective material is an opaque whKe paint. 

18. The optical receiver as claimed in one or more of claims 11 to 
17, comprising at least one optical sensor (17) in front of each of said end 

25 surfaces (1A). 

19. The optical receiver as claimed in one or more of claims 11 to 
17, in which said at least one optical sensor (17) is placed in front of one of 
said end surfaces and a reflective surface is applied in front of the opposite 
end surface. 

30 20. The optical receiver as claimed in one or more of claims 11 to 

19, comprising at least two diffusing strips (11) ananged so that they are 
angulariy spaced apart along the lateral surfeice (1 B) of said bar. 
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21. An extended optical anti-intaision banier, comprising, in 
combination, an extended optical source (1x) and an extended optical receiver 
(1y), with which is associated at least one optical sensor (17) placed at one 
end of said optical receiver (14), and a control ciccuit (19) associated with said 

5 at least one optical sensor to detect a reduction of the optical signal Gollected 
by said at least one sensor, characterized in that said extended optical source 
(1x) is made according to one or more of claims 1 to 10 and said optical 
receiver (1y) is made according to one or more of claims 1 1 to 20. 

22. An extended optical anti-intrusion barrier, comprising, in 
10 combination, an extended optical source (1x) and an extended optical receiver 

(1y). with which is associated at least one optical sensor (17) placed at one 
end of said optical receiver (14), and a control circuit (19) associated with-said 
at least one optical sensor to detect a reduction of the optical signal ^llected 
by said at least one sensor, characterized in that: 
15 • said extended optical source comprises an elongate bar (1) with one lateral 
surface (IB) and two end surfaces (1A); said at least one optical -emitter^) 
placed in front of at least one of said end surfaces (1 A), in such a way as to 
emit an optical beam toward said end surface, said bar being made from a 
material optically transparent at the emission wavelength of said optical 
20 emitter (5); and at least one diffusing strip (11) along the longitudinal 
development of said bar, on the lateral surface (1 B) thereof. 
• and said extended optical receiver comprises an elongate bar (1) with one 
lateral surface (IB) and two end surfaces (1A); said at least one optical 
sensor (17) placed in front of at least one of said end surfaces (1A), in such 
25 a way as to receive an optical beam guided along said bar (1) toward said 
end suiface, said bar being made from a material optically transparent at 
the reception wavelength of said optical sensor (17); and at least one 
diffusing strip (11) along the longitudinal development of said bar. on the 
lateral surface (IB) thereof. 
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